SUMMARY
Dictyosteliwn discoMeum amoebae can be induced to acquire a non-degradative resistance to the pea phytoalexin pisatin. The nysB sunD double mutant is blocked in the acquisition of this resistance. Using parasexual genetics it has been shown that sunD is a recessive mutation linked to nysB on linkage group Vi.
INTRODUCTION
Dictyostelium discoideum is a haploid, free-living soil amoeba that feeds on bacteria which grow on decaying vegetation. In its natural habitat it may encounter phytoalexins, the antimicrobial compounds produced by plants possibly to prevent microbial infections. It has been found [1] Correslumdence to: D.P. Kasbekar, Centre for Cellular and Molecular Biology, Hyderabad 51)0 007. India.
that Dico,ostelium amoebae can develop a nondegradative mechanism of resistance to pisatin (6a-hydroxy-3-methoxy-8,9-methylene dioxyptcrocarpanL the major isoflavonoid phytoalexin of pea ( Pisum saticum L.). When amoebae are grown on medium supplemented with a sublethal concentration of pisatin (50 /~g/ml), they acquire a greater than 104-fold resistance to a subsequent challenge with a higher concentration (150 pg/ml). Maintenance of resistance requires the continued presence of pisatin in the medium because pisatin-resistant cells revert rapidly in pisatin-free medium (> 99% reversion in < 3 h). Using [14C]pisatin, it has been shown that this resistance does not involve the induction of pisatin degradative enzymes [l] . Transient, non-degradative pisatin-resistance has previously been reported for pea pathogenic fungi [2] but unlike Dictyostelium, these fungi also possess pisatin-degradative mechanisms that could confound studies of non-degradative resistance [3] . Therefore Dictyostelium is a good model system for elucidating the molecular basis of non-degradative phytoalexin-resistance. These studies were initiated by the identification of mutations that affect the acquisition and expression of the pisatin-resistance phenotype. It has been shown that mutations in the nysC locus, that alter membrane sterol composition and confer resistance to the polyene antibiotics nystatin [4] and pimaricin [5] , blocked the expression of the pisatin-resistance phenotype [1] . However, mutations in nysB, that also alter membrane sterols and confer nystatin-resistance [4] , were unaffected [1] . These findings show that pisatinresistance did not have an absolute requirement for the wild-type sterol stigmastenol but could nonetheless be affected by specific changes in membrane sterol composition.
NC4 and were grown on lawns of Enterobacter aerogenes at 22°C on SM-agar plates [6] . Diploids were selected on the basis of complementation of temperature-sensitivity mutations [7] . The restrictive temperature used was 27°C. Spores were examined under a microscope to confirm that the spore size was that of a diploid. For linkage analysis, haploid segregants were obtained from diploids plated clonally on SM-agar plates containing 2 /.tg/ml of the haploidizing agent thiabendazole. The haploids were purified clonally prior to phenotypic scoring as described previously [8] .
Pisatin was extracted from germinated pea seeds following published methods [9] .
MATERIALS AND METHODS
All haploid strains of Dictyostelium discoideum used (Table 1) were derived from the wild-type
RESULTS AND DISCUSSION
The nysB sunD double-mutant strain, HK412, had been isolated in selections for suppressors of Amoebae were harvested from plates and suspended in SS. The efficiency of plating (EOP) was calculated as the ratio of the number of plaques on pisatin agar to plaques on SM. N.D. = not determined, but the growth of the diploid from streaks was comparable with that of the haploid strains on pis50.
nysB and nysC mutations (Lionetti, K. and Katz. E.R., personal communication). Its plating efficieneies (EOPs) on SM-agar medium supplemented with either 50 p,g/ml pisatin (pis50) or 150 ttg/ml pisatin (pisl50) were comparable to those of the wild-type strain DdB and the nysB mutant HK5 (Table 2) . But, whereas growth on pis50 enabled wild-type and nysB cells to become resistant to pisl50, pis50-derivcd HK412 cells remained sensitive (Table 2) .
Complementation and linkage studies of the suppression phenotype of HK412 were carried out using the parasexual cycle of D. discoMeum [7] . This involved the isolation from a mixed population of starving haploid amoebae of two different strains, of rare (in 10s), diploids that arose spontaneously as a result of cell and nuclear fusion. The parasexual cycle was completed when the diploid subsequently haploidized by random chromosome loss to give a population of haploid amoebae with reassorted chromosomes. The diploid formed by fusing HK412 cells with those of the nysB mutant HIL'i was nystatin-resistant. Its plating efficiency on SM agar supplemented with 80 p,g/ml nystatin was 0.1. Non-253 complemcntation of the nysB allele of HIe5 in these diploids confirmed that HK412 also possessed a nysB mutation. These results also indicated that stozD was recessive to sired +. On pisatin-mcdium, the phenotype of these diploids was indistinguishable from that of HK5 (Table 2) . Therefore the suppression of pisatin resistance in HK412 was also due to a recessive mutation.
Diploids were also constructed by crossing HK412 with the multiply marked (nysB + sunD +) strains TSI2M and HKII35. Although these diploids were heterozygous for nysB and sunD, no nystatin-resistant haploid segregants were obtained from them. This suggested that the szmD suppressor mutation was linked to the nysB mutation. The nysB locus has earlier been mapped to linkage group V! [ 10]. To confirm this leakage assignment for sunD, the diploids were plated on medium supplemented with 2 p,g/ml thiobendazole to promote haploidization and the haploid scgregants were analyzed (Table 3) . Linkage of stmD to n.vsB was demonstrated by the lack of independent assortment of sunD with the mariA marker on linkage group VI of HKII35. sunD showed independent assortment with markers on Table 3 Pattern of phenotypes of haploid segregants selected from diploids constructed from |1K412 and multiply marked ,ysB " stmD ~ By convention the recombinant segregants lie on the lower left-upper right diagonal in each set of four figures so that zeros on these diagonals indicates linkage. A total of 34 haploid segregants from cross [IK1135 x HK412 and 61 haploid segregants from cross TS 12M × HK412 were analysed. The table gives the phenotype of all the progeny in each cross, arranged in a 2 × 2 pattern corresponding to all 4 possible combinations of the wild type ( + ) and mutant ( -) allele of the marker gene for that linkage group and for the resistant ( + ) or sensitive ( -) phenotype on -qsatin supplemented medium (pis 150).
a All the segregants from this diploid were selected for c)'cA.
b All the segregants from this diploid were selected for ucrA.
all other linkage groups (Table 3) . in all eases both phenotypes of HK412, suppression of nystatin-and pisatin-resistanee co-segregated. Since HK412 was obtained as a spontaneous mutant, we interpret these results to indicate that both phenotypes are due to the same mutation.
Since the nysB sunD double mutant has the same sterol composition as that of nysB alone (Lionetti, K. and Katz, E.R., personal communication), the sunD mutation may define an additional requirement, perhaps another membrane component, for pisatin resistance. This suggests that alterations in the non-sterol component of the membrane may also affect non-degradative phytoalexin resistance. However, since SlotD is linked to nysB in HK412, it was not possible to easily isolate it in a nysB ÷ background to test this hypothesis. Thus it remains a formal possibility that the sunD single mutant has a different phenotype on pisatin compared to the nysB sunD double mutant. One strategy to test this may be to transform a nysB sunD double mutant strain with a cloned nysB + allele.
